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ABSTRACT
HEMODYNAMICS OF THE STOMACH

IO, EFFECTS OF SALMONELLZA TYPHOSA ENDOTOXIN ON THE
RESISTANCE TO BLOOD FLOW

OBJECT

This study was designed to determine the response of the gastric
vascular bed to the local administration of the endotoxin of Salmonella

tzghosa 0901.
RESULTS

The injection of endotoxin into the left gastric artery of 10 dogs
produced a rapid average increase in gastric arterial pressure (100%)
and coronary venous pressure (200%). Arterial pressure remained’
elevated for 30 minutes, but venous pressure returned to control in 15
minutes. Systemic arterial pressure fell an average of 20% in 10 minutes.
Locally infused phentolamine blocked the responses of the gastric artery
and coronary vein without aifecting systemic pressure.

In a second series of animals whose systemic and gastric circula-
tions were completely separated, endetoxin administered into either the
gastric or systemic circulation failed to produce rapid increases in
gastric vascular resistance.

CONCLUSIONS

These studies indicate that the left gastric irterhl and coronary
venous pressure increases induced by endotoxin in the intact animal are
probably mediated in large part by systemic rclease of catecholamines.

RECOMMENDATIONS

None.
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HEMODYNMAMICS OF THE STOMACH
II. EFFECTS OF SALMONELLA TYPHOSA ENDOTOXIN ON THE
RESISTANCE TO BLOOD FLOW

L INTRODUCTION

Endotoxin is responsible for many profound vascular effects in-
cluding venous pooling, changes in resistance to blood flow in many
organs, and circulatory collapse leading to death. Most prominent -
among the many early vascular effects of endotoxin is the rapid develop-
ment of hepatic and intestinal congestion (1,2). The apparent cause of
this pooling of blood in these organs is venous constriction in the liver.
With time hepatic engorgems=nt subsides, but pooling of blood in the
intestine continues, suggesting some persistent effects of endotoxm on

the blood vessels of the gut (2).

“The gaatric circulation, like the intestinal, is in direct continuity
with the portal vein and might be expected to exhibit rcsponses similar
to those of the gui vasculature. This investigation is concerned with
the response of the gastric vascular bed to the local administration of
the endotoxin of Salmonella typhosa 0901. ‘

Il METHODS

Twenty-five mongrel dogs of both sexes weighing eight to 20 Kg.
were subjects of acute studies. The animals were anesthetized with
pentobarbital sodium (35 mg. per Kg.) and anticoagulated with heparin
sodium (5 mg. per Kg.). Artificial respiration was administered by a
tracheal cannula when required. The stomach and its main blood vessels
weve exposed by a left subcostal incision. Splenectomy was routinely
performed and the stomach wae ligated at both ends. Under these con-
ditions the vagi were probably not functioning. ' )

Following ligation of the hepatic and splenic arteries near their ‘
origins, the right gastric and right gastroepiploic arteries and veins,
and the multiple branches of the left gastroepiploic artery and vein
which enter and leave the greater curvature were ligated. Blood was
perfused through the left gastric artery of the stomach by a pressure-
independent, variable flow pump (Sigmamotor Pump, Model T-65) inter-
poncd between the right femoral artery and the celiac axis.

Needles were inserted into the coronary vein of the stomach, the
perfusicn tubing proximal to the le{t gastric artery, and l.he left common
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carotid zﬁery and connecied w a strain guage for recording of bleod
pressures (Sanborn Twin-Viso, Model 60).

Salmonella typhosa 0901 endotoxin (0. 6 mg. per Kg. Bacto Lipo-
polysaccharicde, Difco Laboratories} was injected in one bolus directly
into the perfusion system just proximal to the leit gastric artery.

Blood flow through the gastric artery was fixed at a given rate for
each experiment. Flow varied from 24 to 48 ml. per minute.

Single Circulaticn. Pressures were recorded from five minutes
before to 30 minutes after injecting endotoxin in ten dogs. In three ad-
ditional animals this experiment was repeated, but a phentolamine
infusion in doses which did not aiter systemic arterial pressure (0.5
to 3.0 pg. per minute) was administered into the gastric artery through-
out the experiments. In three other animals no endotoxin was adminis-

. tered and the results obtained for 10 minutes in these dogs served as

control records. In these latter three control animals the systemic
arterial pressure was lowered by exsanguination to the same degree as’
observed with endotoxin and the effect on the gasiric arterial pressure
was measured.

Dual Circulations. In nine other animals venous drainage from
the stomach was collected in a reservoir connected to a pump-oxygenator
(Kay-Cross diac oxygenator, Pemco Inc. ) beforc being returned to the
left gastric artery. This constituted a ciosed circuit gastric circulation.
Endotoxin was injected into the perfusion system as autlined above in
three of these nine dogs and injected into a systemic vein in another
three animals of this group. No endotoxin was given to the remaining
three dogs which served as controls. Recordings were obtained in these
nine dogs {or the subsequent 30 minutes. The isolation of the gastric
circuit was checked by two methods: the volume of blood collected from
the coronary vein was compared with the volume perfused through the
gastric artery, and Indila ink was injected into the perfusate to determine
whether leakage of ink was occurring beyond the confines of the stomach.
These procedures showed that the stomach circulation was isolated from
the systemic.

II. RESULTS

Single Circulation. The injection of endotoxin into the gastric
artery of ten dogs caused a rise in coronary venous pressures followed
within two minutes by an increase in '~ft gastric artery pressures and
a decrease in left common carotid artery pressures. Peak venous

2
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pressures were achieved at about five minutes after injection l.ndtvougécf
over 200 per cent of control. Venous pressures then returned to pre-
injection levels over the next 15 minutes. Left gastric artery pressures
continued to ciimb to maximum values for ten minutes beyond injection el
and then decreased, but were still nearly twice corntrol values at 30 3
minutes. The pressure gradient acroas the gastric vascular hed showed

a mean increase at ten minutes of 197 per cent aud at 30 minutes was 39

per cent above the pre-injection value. These values were significant .
(p =<.001) when compared with pressure gradient changes obtained in
the three control animals using the Student t - test (3). Systemic pres- .
sures reacted a nadir at ten minutes after injection of endotc::in when
an average value of 24 per cent below the pre-injection level was re-
corded. Subsequently, pressure in the carotid artery returnod to s :
‘mean value of 13 per cent below initial pressure at 30 minutes after in- .
jection. These results appear in Fig. 1.
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Fig. 1. Average pressures from ten dogs in whom endotoxin
was injected into the left gastric artery (arrow). Gastric and
systemic circulations were in continuity. Per cent change
from initial valuas is noted at various times.

)



-

In the three animals in whose periusion system a phentolamine
infusion was maintained after injection of endotoxin, the gastric arterial
pressure increased only 18 per cent over the pre-injection value. Venous
pressure rose cnly 30 per cent in these dogs. The results from these
arimals are shown in Table L ]

In the three control animals the mean gastric artery preasure
varied by no more than 13 pe~ cent above or below initial preasure over
a period of 30 minutes. The coronary vein and systemic arterial pres-
sures displayed correspondingly smail fluctuations. These results are
shewn in Table L -

Lowering systemic blood pressure 20 per cent by bleeding had no
effect on gastric artery pressure in the three control animals.

Dual Circulations. In the nine animals in whom the circulation of
the stomach was separated from the systemic circulation and maintained
itk a pump-oxygenator, thc venous pressure was atmospheric through-
out. In the three dogs of this grouo in whora no endotoxin was adminis-
tered, there was a progressive rise in mean left gastric artery pressure
of 63 per cent over 30 minutes, while systemic arterial pressurs varied
by uo more than 15 per cent above or below control. . The results from
these three control animals used to show the effect of time on gastric
artery pressure are seen in Table II.

In the three dogs of thia group in whom endotoxin was injected into
the gastric circelation and did not reach the systemic cizculation, there
was no increase in perfusion pressure. At 30 minites gastric arcerial
pressure was the same as at th: time of injection and was significantly
lower than that found in the three control dogs with separate circulations
(p = <.02). Systemic pressure fluctuations were the same as in the
conirol animals. These results are shown in Table IL

In the three doge with dual circulations in whom endotoxin was
injected into the aystemic circulation, pressures at 30 minutes were
not significantly different from the dual circulation coutral ammah.
These results are shown in Table IL

The effect of erdotoxin on gastric vascular resistance was cal-
culated for the six series of expariments: control, endotoxin, and endo-
toxin with phentola.nine in the animals with a single circulation, and
control, encotoxia in the gastric artery and endotoxin in the systemic
vein in the dogs with two separate circulations. It can he seen (Fig. 2a)
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that endotoxin induces a persisteat increase in gaatric vagcular resistan
which is blocked by pheniolamine infused into the gastric artery. In the
animals with separate circulations (Fig. 2b) endotoxin injected into the
gastric circulation prevented tie rising resistance observed in the contn
dogs, while endotoxin in the systemic circulation mduced no significant
change from control.

IV. DISCUSSION

Endotoxin wken injected directly into the left gastric artery and
allowed to circulate systemically produned a prolonged increase in gast
vascular resistance. This e{fect was abolished by phentolamine. When
the gastric circulation was isolated from the systemic and endotoxin in-
jected into the systemic circylation there was no change from cantrol.
VWhen endotoxin was injccied into the separate gastric circulation the re.
sistance increase, which had been noted in the three control animals, d
not occur. These studies suggest that endotoxin produces an active in-
crease in the gastric vascular resistance in the dog by an indirect meck
nism. This increase is produced, at least in part, by a remote release
of catecholamines into the blood. It also appears that the direct sffect
of endotoxin on the isolated gastric circulation is a prevention of the in-
crease in gastric vascular resistance observed in tie control dogs with
dual circulations. In the animal with a single circulation, however, the
indirect mechanism predosninates.

Several factors might have been responsible for the increase re-
sistance to blood flow in the stomach of the single circulation animals i
ducted by endotoxin. The rise in venous pressure, presumably due to
hepatic venous ccngestion, might have actively elevated resistance in th
stomach. Endotoxin when administered into the left gastric artery migl
have acted dirertly on the gastric vasculature or have liberated a vaso-
active chemical mediator locally; or it might have actcd indirectly upon
a distant site by nervous or chemical means.

It appears unlikely from these studies that the elevation of venous
pressure in the stomach could have had more than a minor role in raisj
gastric arterial pressure. Peak coronary vein pressures were reaches
long before arterial preasures were maximal, and pressures in the leit
gastric artery remained twice control long after restoration of venous
pressures to control values. The veno-arteriolar reflex, as described
in other beds (4, 5), exerts a nearly immediate effect rather than the
sequence observed here. In preliminary investigations in this laborato
a three-fold rise in coronary venous pressure was not accompanied by

6
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Fig. 2. Changes in gastric vascular resistance in the six series of ex-

lation experiments in the control dogs with changes induced by endotoxin
and by endotoxin and phentolamine. Figure b compares resistance
changes in the dual circulation experiments in the control series with
ths groups given endotoxin either in the gastric artery or systemic vein.
N signifies the number of subjects, Q represents the mean flow for the
series (ml. per min.) and the arrow indicates endotoxin injection.
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increaszes in gastric arterial presgures which were of the magnitude
observed after injecting endotoxin.

When endotoxin was injected into the isolated gastric circulation,
resistance remaiaed unchanged for the subsequent 30 minutes. In the
control animals with two circulations resistance increased 63 per cent
in 30 minutes (Fig. 2b). This suggests that the local action of endotoxin
in the gastric vascular bed is dilatation.

The increase in gastric vascular resistance must be secondary to
a distant mechaniam of endotoxin. This inference is confirmed by the
three experiments with locally infused phentolamine and the studies with
separate circulations in which endotoxin was excluded from the stomach
circuit. Phentolamine was iniused into the left gastric artery in amounts
which did not affect systemic arterial pressure. The failure of endotorin
to elevate pressure significantly in the gastric artery, where phento-
lamine concentration was high, suggests that circulating catecholamines
or the sympathetic nervous system was responsible for the increases in
gastric artery pressure due to endotoxin.

In the three double circulation experiments in which endotoxin was
injected systemically and presumably neither endotoxin nor any substances
it elaborated could have reached the gastric circulation, gastric arterial
pressures were not significantly different fron: the control animals with
two circulations (Fig. 2b). This asuggests that endotoxin acts to raise
gastric vascular resistance in the intact animal through local vasocon-
striction mediated primarily by circulating substances. The sympathetic
nervous system is of little importance locally in this preparation.

The mild early systemic hypotension induced by endotoxin was not
responsible for the gastric vascular resistance changes. When compa-
rable degrees of hypotension were induced by exsanguination, left gastric
artery pressure did not change.

- The nature of the mechanism whereby endotoxin elaborates vaso-
active substances is not evident f{rom these studies.

V. SUMMARY

The effects of endotoxin on tae gastric vascular bed of the dog were
investigated using an acute preparation in which flow was kept constant
and pressure allowed to fluctuate freely.. Both gastric artery and coro-
nary venous pressures exhibited marked rapid increases in response to
S. typhosa endotoxin administered into the left gastric artcry in ten dogs.




Arterial pressure doubled and venous pressure increased by about 200
mm. Hg within five to ten minutes after endotoxin injection. Arterial
Pressure remained elevated for 30 minutes, but venous pressure re-
turned to normal in 15 minutes. Simultaneously, systemic pressure fel
20 per ceat in ten minutes and only partly recovered by 30 minutes. Ths
responses of the gastric artery and coronary vein were blocked by local
infused phentolamine, .

In a second seriea of animals whose systemic and gastric circu-
lations were completely separated, endotoxin administered into the gas-
tric circulztion prevented the resistance increase observed in control
animals anc¢ in animals with endotoxin administered in the systemic
circulation. The response of the gastric vasculature to endotoxin noted
in the intact animals was not observed in the dogs with separate gastric
and systemic circulations in whom endotoxin had been administered in
either circulation. :

These studies indicate that the left gastric arterial and coronary

venous pressure increases induced by endotoxin in the intact animal are
medizted by increased levels of circulating catecholamines.
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No. of US ARMY - CONTINUED
Copies .
1 US Arry Clemical Corps Biological lakoratories. Fort Detrick, Maryland. -Atte: Librari's
1 US Arsy Chemioca] Research and Development laborarories, Commanding Of ficer. Techmical
Library. Building 330, Arcy Checical Center, Maryland Atta: Librarics
1 US Arry Conmind cnd General Staff College, Library Services Brunch (Archives) Fort
Lecvenworth, Kansas ‘
US Arwy Dispensary, Springfield Armory, Springfield, Mussachusetts
US Arsy Engineer Research and Development Labomtcrier, Fort Belvoir, Virginia, Atem:
Technicu? Docusents Center
US Arvy Environnenial Hydiene Agency. Commonding Officer, Army Chemicul Center, Maryland
US Army Europe, Medical Division Plons ‘and Operations Bianch., APO 403, New York, N. Y.
1 US Arsy Furope, Medical laboratory. Departaent of Micrabiology. AFO 180,US Forces.
New {»rk, New York :
1 US Army Hospital, Cosmanding Of ficer, Fort Lee, Virginia, Attn: Medical Library
1l US Ar=y infantry Hustn Research Unit, Director. of Reseasrch, Post Of fice. Box 2086,
Fort Eenning Ceorgia, Attn: Likrary

’ 1 US Arny Leadership. Human Research Unit. Library. Post Office Box 787, Presidio of
I Monterey, California .
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"1 US Aray Medical Command. Japan, Vedical Ceneral loboratory, (4063 AFO 343, San Fremciasce,
Cualifornia, Attn: Coloue) Cari F. Tessmer, Coc-nand‘mq, )

. US Aray Medica) Ligises Braach, Office of the Chief Surgeon, Gorgas Hospital, Balboa
1 Heights, Canal Zooe

US Arzy Medical Research Uait, Europe, Commanding Officer, APO 180, New York, New York
US Army Medical Research Unit, Ceemanding Officer, Panama Field, Fort Clayton, Canal Zone
US' Army Medicul Research Unit, Coemanding Officer, fort Detrick, Maryland

US Army Medical Researcha Unit, Cosmaading Officer, Iustitute for Medical Research,
Xuwila luspur, Malayas :

. . 1 US Army Ordnance Arsenal, Frankford, Philodelphia 37, Peonsylvania, Attn: ORDBA-1734/
.. 65-1, Mr. A. Charles Karr

(2]

" b

. ‘ 1 US Army Ordnance Tonk-Autorotive Cossand, Detroit Arsencl, Center Line, Michigan
= o 1 US Aray Research Of fice, Chief of Research and Developrent, Departsent of the Army.
' . #ashington 25, D. C., Attn: Scientific Information Branch

1 US Arey Signal Research and Developmest Laboratory. Office of the Commanding Of ficer,
Fort Manaouth, New Jersey. Attn: SIGFM/ADT-E

_ 1 US Army Standardizaticn Group, Canada, Senior US Army Standerdization Representative,
W ¢/o US Arey Attache, U5 Extossy, Cttawa, Ontagio, da, Attn: Colonel Joseph A.
Blair, MC, Vedical Liaison Of ficer

1 s Army Transportation Research Command, Fort Eustis, Virginia, -Attn: Research

-, Reference Center '

i 1 US Aray Tropical Research Medical laboratory, APO 851, New York., New York

B }  US Continentsl Arey Command, Medical Section, Fort Nonroe, Virginia ,

Ralter Reed Arnr Institute of Research, Department of Atomic Casualties Studies, Salter
Reed Aroy Medical Research Ceater, Washington 12, D. C. J

. J  Walter Reed Army Institute of Reseorch, Director. Waltes Reed Army Mediral Center,

. : ¥ashington 12, D. C

2o 1  VWalter Reed Arpy Hospital, Army Audiology and Speech Center, Forest Gles Sectiem,
; ) Washingtos, D. C. . ‘
1 Valter Reed Asry Medical Center, US Army Medical Service, Historical Unit, Washingtom
) 12, D. C., Attn: General Reference and Research Branch
O 1 Walter Reed Arry. Medical Center. US Arsy Prosthetics Resetrch Laboratery, Commending
- Offices, Washington 12, D. C. .
e ' AGINCY - US NAVY
'. 2 Burenu of Medicine and Surgery, Director, Research Divisiam, Departmat of the Navy,
- Washingtoa 25, D.C, . '
',"
o
L.
“
e
[ . h
[ A
-v. -

.-
F . .- — s — - wm - m——— o o e m e amragt et At e g 8 e e e et M et W $ e e e [ ————



. . US NAVY - CONTINUED
No. of
Copies .
2 Bureru of Naval Weapons (DLY -31) Depurtsent of the Navy. Washingtes 25, D. C.
2 Bureau of Yards and Docks, Depurtmsent of the Navy, Washingtom 25, D. C.. Atta: Code

D-440
. : 2 &alr).oa;oof Yards and Docks, Department of the Navy. Washington 25, D. C.. Atin: Code
) 4
’ 1  Chief of Nawal Air Technical Training, US Naval Air Stotion, Memphis 75, Tenm:ssee.
’ Attn: Staff Medical Cfficer

1 Chief of Naval (perations Cffice. Creratiems Evaluation Group, {OpOXEL) Deportsent of
The Navy. Woshingtem 25. D. C. ‘

1 Chief ot Naval Rir Reserve Troining, Staff Medical Officer, US Nowl Air Statiom.
: Glenview, [llinois . )
1 Noval Air Material Center, Director, Air Cree Equipwent Loboratory, Philodelphis 12,
Pennsylvania . .

. 1  Naval Medical Research Iastitute. NMational Naval Medicul Center, Technical Reference
l Library. Bethesda 14. Muryland

1 Nival Medical ‘Research Labcrctory, Technical Library, Code S$111, Bax 100, Nawal Subsarine
tese, nes London. Connecticut

1 Navwul Research, Code 454, Cepartasent of the Navy, Washington 25, D. C.

1  Naval Rescarch, Code 408, Special Assistont far Medicnl aad Allied Sciences. Department
of the Navy, ¥ashingtoa 25. D. C.

5 ] 10 Naval Hesearch Branch Office. Comsending Officer. Navy 100, Box 39, Fleet Post Office.
. New Yosk, New York .

1 US Naval Air Development Ceater, Simulation Branch, AIL. Johnsville, Pennsylvomia,

. Atta: Dr. W. A. Bradley
1 US Naval Rir Development Center, Aviation Medical Acceleration latoratory. Jehmsville,
. . P:nnsylvania, Atta: Litvoriaa
- 1 US Nowal] Civil Engineering Laboratory, Commanding Of ficer and Director {(Code L31)
‘ Port Hueneme, California ‘
. ' 1 US Naval Medical Neuropsychiotric Research Unit, Sam Diego 32, Californis
US Naval Missile Center. Cor»ander. Point Mugu, California, Atta:  Techaical Library

1 US Naoval Vedical Field Resecrch loboratary, Commanding Of ficer, Canp Lejoune, Nerth
Carolina, Attan: Librarian

1 US Naval Medical School, Cocranding Officer. National Naval Medicul Cester, Bethesda.

Mary land
1 US Naval Ordnance Tesi Station, Medical Officer (Cade 88) Stetiza Yospit 1. Chima lake,
‘. California
l 1 US Naval Rediological Defense laboratory, Commonding Officer and Directer (222), Som
. ) Francisco 24, California )

US Naval Research Laboratory (Code $5120) Washingtea 25, D, C.

US Naval Rescarch Laboratory (Code 2027) Director, Washington 25, D. C.

US Naval School of Aviation Vedicine , Director, US Naval Aviations yedical Cemter - 5S4,
Pensacola, Florida ’

1  US Naval Supplv Research and DNevel ot Facility, Clothing and Textile Diviajioa. 3nd
Avenue and 23th Street. Brocklyn g. New York., Attn: Librury

1 US Naval Veapons Plant., Experivental Diving Unit, Washingtom 25, D. C.

AGENCY - AIR FORCE ‘

1  Rir Force Flight Teat Center. Fuman Foctors Branch (FTTEH)., Edwards Air Feroe Base,
California )

AIR RESEARCH AND DEVELOPYENT COMMAND

Air Beuctch and Developaent Caewand. (RIGEL) Andrews Air Foroe Base, Swshingtea 28,
D. C.

2 Wright A:r Developrent Division, Bieo-Acoustics Branch, Kright-Pattersas Air Ferce Base,

io, Attn: W¥

Wright Air Development Divisiom, US Air Foros, Wright-Pattersea Aig Force Buse, Ohie,

Atma: W¥RDAS {Libzary) '

(O

L RS

[ ]

P |

. -
ot .
. v
.

[ d

-

NS

L]

o AU

s “pi
D a

——— - [ e e e G GG P ——— WP -

.
.
o«




No, of
Copies
1

3

W NN e

[

AJR FTORCE- - CONTINUED

Aerospuce Medicol 'iirary, VWright Air Developmest Division (WWRDAS) ¥right-Pattersom
Air Foi.e Base, Chio . -

Air Torc: Cosweand amnd Control Dewelopment Divisios, Operaticaal Applications Office.
(CCRH) laurence G. Hunscoe Field, Dedford, Massachusetts

Air Force Nirector of Research and Techrology. & Air torce, Washingtom 23, D. C.
Attn: AFDRT-HF T .

Air Training Cawrand (ATCSG-P) Randel~h Air Force Base., Tezas

Arctic Aeromedical Ladoratory, Cosmander. AFO 731, Seattle. Washiagton, Attn: Library

Assistant for Crouwd Safety. DCS/P, Headquorters, US dir force. ¥ashiagtom 25, D. C.

Brooks Air Force School of Aviatien Medicine, (SAMAS(H-P). Brooke Lir Foroe Base, Texas

langiey Resedrch Center. National Aerommitics amd Space Administration, Langley Field,
Virqania, Attn: Librorian

US Air Force Aerospace Wedical Center, (ATC) US dir Force Hospital, Lackland Air Force
Base, Texas

US Army Air Defense Command, Cormand Surgeon., Tht Air force Buse.. Colorado Springs,
Colorado L

US dir Force Strategic Air Comsand, Offutt Aiz Force Bose, Nebrosks

GOVERNMENTAL - AGENCIESS
Argonne Nationa) Llaboratory, 9700 South Cass Avenue, Argoane. Illinois, Atta:
oylande D. Young
Central Tutelligeace Agency. 2430 E. Street, N.¥.., Yoshiogtoa D. C., Atte: 1331 R and
S Building : .
Chiet Defense Atomic Support Agency., Washisgtos 25. D. C. Atta: Document Likrary Be
Civil Aerosedical Pesearch Institute, Federal Aviatiem Ageacy. Post Office Box 1087
Oklahoaa City, Cilahoma
Li!A:lujy 3:( Congress, Science and Technolegy Diviziew, Washisgrea 25. D. C.. Atta: Dr.
- J. Jacobiue - .
Nationai Institute of Health, Librory, Buildieg 10, Room NI18. Bethesda 14, Maryland,
Attn: Acquisitions Sectiom
National Library of Medicine, Yashingtom 25, D. C.. Atta: Acquisition Sectiom
Mational Institutes of Health, Divisiom of Research Gramts, Information Office, Bethesda
14, Marylond
National P -search Council, Division of Medical Sciences, Nediasl Records. 2101
Constitutiom Avec:ie, N.W. Washingtom 25, D. C.

OTHER AGENCIES .

Arctic Health Research Center, Library, Box 960, Aschorage. Alaska

Aero-Space Division. Chief, Space Medicine Sectiom, Boeing Airplane Compony, Seattle 24,
Washington, Atta: Dr. Romney H. Lowry (Rox 19-29

Boeing Airplane Corpamy, Library, Fichita Division, Wichite 1, Kansas

Boeing Airplane Cospany, Centra) Medical Library. Bow 11-40 Post Cffice Box 3707, Seattle
24, Washingtom ’

Chrysler Corporation. Box 1118, Fngineering Mesearch Deportwent 921, Detroit 31, Nichigem
Attn: Johs Verscce, Engineering Psychologist

Division of Radiological Health - BSS Departseat of flealth Cducetion and Welfare, Moom
5629, South HEA Building, Washington ng D. C. ‘

Ford Wotor Compuny, Technicul Informatian Sectiom, Scientific latosatory, Poet Office Box
2053, Deartorn, Vichigam .

General Electric Corjuny, Advanced Llectromic Center. Cornell University, Ithaca, New
York, Atta: Litrasy

Cenera) Electric Corpumy. Technical Muilitary Pl.aming Operatiom, 733 State St, Sante
Barbara, California

John Crerar Library. 86 East Randolph Street, Chicuge 1, Illimeis

Kings County Hospstal, Deportaent of Anesthesiolegy. Breocklym. New York, Atta: Dr. S.
¥, Seitzner .
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OTHER AGENCIES - CINTINUED
Lenkents Fospital, Divasiom of Resecrch. lomcaster ard City Line Avenue. Philadelphia X,
Pennsylvania .
¥ayo Clinic, Rochester, Wimnesotu, Atma: Dr. Xemueth W. Oyle, Section of Bicphysics

Mercy Hospital, Aaesthesia Research Laboratory. Pittsburgh 13, Pennsylvania

National Aercnastics and Space Aduinistrction. 152€ H. Strect. N. W., Weshington 25,
D. C., Atta: Bertrae A. Mulcaby, Assistant Director for Tecteicnl Informatiom

Rand Corporation, 1700 Main Street, Sonta Honicu, Califormia, Attn: Library

Space Technology Laboratories. Subcormittee on Noise, 327 South Alvarado Street. los
Ang=les 57.°gal'xfoxnia .

Systers Research Center, Lockheed Eleetronics Conpany. Pest Cffice Box 37, Bedminster,
New Jersey, Attn: Mr. Fobert E. Weter

Ye}ke;_lnbcj)iutorin of Primate biology, Incorporuted. Orange Park. Florida, Atta: B,
. Riopell2
AEDICAL COL1EGE/SCHOOL LICRANICS AND DEPARTMENTS
Altany ¥ndical Cellege Library, New Scctland Avense, Albany 8. New York
Bowman Crayv, School of Medicine Library, ¥inston-Saler, North Carolina
Brown University. Providence 12. Rhode Island, Atta: Professor Lorin A. Riggs
Brown University, Prcvidence 12, Rhode Island, Attn: Prof. jlarold Schlosterg, Comsultant

Collene of Vadical Evaugelists, ¥hite Mesoriol Medicol Library, 1720 Brooklyn Avenue,
Los Angeles 33, California ‘
College of ¥edical Evangelists, Vernier Macliffe Mesorial Likrary. lome Linda, Califurmie

College of Fhysicians of Philadelphia, Library, 13 South 22nd Street, Philodelphia 3,
Pennsylvania .

Colurtia Unive ¥. Department of bsychelogy, Nee York 7. MNew York. Atta: Dr. C. M.
Craham

Celumbia University Yedionl Litrary, €30 est 163th Street, New York 32, New York

Cornell University Medicul Col ege Library, 1300 York Avemie, New York 21, New York

Creighton University, Mediccl-Pharsscy Litrary, 14dl Dovenport, Omcha 2, Nebrrska

Dur twouth College Medical Library. Daker Building, !lancver, New Hompshire

Dwory University, Depurtment of Paychoelogy, Atlanta 22, Ceorgia, Attn: Dr. Farl A.
Alluisi

Florida State University, Departsczt Psychology. Tallchassee, Florida, Attn: Dr. O,
¥. Dawson

George Washington University, Humaa Resaurces Research Office. P.0. Pox 35396, Washingtem
1. D. C.. Rnn: Library .

Harvard Midical Library, 25 Shattuck Street, foston 15, Massachusetts, Attn: Librorias

Horvard Schesl of Public Heslth, Departmeat of Epideriology, 1 Shattuck Street. Bostos
15, Vassachusetts

Indiane University, Departsent of Psychology, Bloomingten, Trdiana, Atts. Dr. %K. C. Duvis

Indions University Wedical Center, School of Medicine Labrury. 1100 West Michigan Street,
Indianpolis 7, Indiana, Atta: Librarica

Indiona University Medica] Center, 1100 ¥est Wichigon Street, Indianapolis, Indiama,
Attn: Dr. Harcis B. Shumacker, Jr., Prof. of Surgery »

Indiano University, Anatoey-Physiology Department, Bloorington, Indiema, Atta: Dr. Sid
Rabinson .

Jefferson Fedical College Library, 1023 Walnut Street. Philadelphia 7, Rennsylvonia

Johns Hopkins University, Yelch Medical Liktrary, 1900 F. Vonurent Street, Baltipore 6.
Vurylana, Attn: Libgarias

Konsas State University, Departrent of Fyychology, Manhattom, Konsas, Atta: Dr. ¥Willies
Bevan, Chairman

‘hrjuette University, Medical Dental Library, 560 North 16th Street, Milwaukee 3, Viecomsin
Atta: Likrariom

Medical Col lege of Virginia, T spking-McCae Library, Richeond 19, Virgiuls
Atta: Librariaes




No. of 'MEDICAL COLLEGE!SCHOCL LIBRARIES AND DEPARTMENTS - CONTINUED

Copies
1 KRew York Acodemy of Vedicine. Library, 2 East 103rd Street. New York 28, Nee York
1  Mew York University, ColXef'e of Engineering, Researck Divisioa. 282 Sewntl: Avenue,

| : New York 1., New York, 3tia: Associcte Project Director
ﬂ 1  New York University Yeaical Cecter, Medical Library. 550 First Avenue. New York 18,
New Yor
1 vBorth-estera Uriversity. Cepartment of Psychology. Evenston, lilinois, Attn:  Williaw
. Hunat

1 Northwestsrn University Meaical School, Archikald Church Likrary, 303 E. Oncugo Avcaue,
Chicogo 11, Illinois, Atta: Librarian
Chio State University. The (resical Abstrocts Service., Colurbus 10, Chio
1  Ohio State Uriversity, Research Center. Psycholinjuistics Lutoratory, 1314 Kimnear Road,
Colurkrs 12, (bio
1 Ohio State University. Topyz Litrary, School of Optometry. 338 best 10th Avenve.
: Columbus 10, Chio
1  PRush Yedical College Litrary. 1758 ¥est Harrison Street, Chicogo 12, Ilinois
Stanford University, lane Venical Likrary. 300 Pasteur flcad, Pule Alto, Califernia
1 Stwnfors L’mveruty. Nepartrent of fhysiology, Stanford, Gahfouul. Atta: J. ¥,
Crismon, ¥, ). .
1 St. Louts Umversity, Medicul Schual Litrary, 1402 South Crand Elwd, St. Louis 4, Mo,
State University of Iowa, Colleje of Veaicine Litrary. Medirul laboratories Puiiding,
lowa City. lowa
1 State University of Nes York, Downstate Vedical Cester, Deiar twent of Am-nhnxology.
450 Clarkson Avenue, Brovklyn 3, Kew York

1  State University of New Yorx, l’h-n,'ne Vedicn) Center, Wecical Librry, 4% Clarksoa
Avenve, BrookYyn 3. \ew York, Attn: librarian

1 Texa. Medicul Center Library. Jesse H. Jones Library Building, Heustom 25, Texas

1 Tufts Vniversity Institute for Appliec Experimental Paychology. Yeatord, Yossachusetts

1 Telane UmverulE Schoul of Nedicine, 1430 Tulane Avenue, New Orleans 12, louisiana, *
Attn: Purch, Professor of Vecicine

1 Vanderbilt Univerzity School of Medicine. Nashviile 5. Tennessee. Atta: Dr. George R.
Mencely, Director, Radioisotope Center

1 %eat Virginia University, Medical Center Library, ¥Yorgantown, West Virginia

1 University of Alabama, 191? Seventh Avenue South, Birsinghawm 3. Alatowe

1  Usavers.ty of Arkonsas, Medical Center Litrary, 4301 West Markham, [attle Rock, Arkansas

1  VUniversity of Buffalo, Henlth Sciences .abrary, Puffalo 14, New York, Atta: Librarias

1  University of Buffolo, Leportzent of Psychology, Buffalo 14, Nee York

1 Unaversity of California Veical Center, Biowsdicnl Likrary, 1ns Angeles 24, Californie

1  Uaiversity of California 1301 South 4S5th Street, Ricimond 4, Califormia, Atta: Civil
Defense Renearch Preject

1 Un;vu;“y of Chicogo, U.S. lir Force Rodiatioa Laboratory, 930 S8th Street, Chicge

. inois
1 Umu-u.ty of Cincinnati. Kollennq Lot oratory, fden aud Bethesda Avenues, Cincimmati

1 Umwun"ol Floriug. College of Vedicine, Deparlnn( of Physioloyy, (oiraville. Florida,
Atta: Nelvin J. Fregly

2  Uswiversity of 11)inois, Avroredical latoratory, 340 S. %ood Street, Chicugo 12, 1lliwois

1 Unsversity of I)linoin, Teaaning Reseorch Laboratory, Departreat of Paychology 45
Lincoln Hall, Ustouna, [llinois, Attn: Lasrence ¥, Stolurow

1 University of Illinoss, Docisents Division Likrary, Urktana, 11lineis

1  University of Yansas Vedicul Center, Clendening Medical lubrary, Fansas City 12, Xansos

University of Lovisvalle, School of Medicine Library, 101 W, Chestmt Street, louisville

2, Kentucky i ‘

1  University of Miryland. Health Sciehces Library, Serials Departrent, 111 Souih Creeme
Street, Faltarore 1, ¥arylaomd

1 University of Yichigan, Serials and Docureats Section, General Library, Amm Arber,
Vuichigan
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No. of VEDICAL CCOLLIGE /SCHOOL LIBRARIES AND DEPARTMINTS - CONTINUED

1 University of VMinnesota Library, Serials Divisica, Vinneapclis 14. ¥innesota

1 Univeisity of Missouri. Yedicol Litrary, Room ¥210 Yedical Sciences Building., Columbia,
¥issouri

1 University of Netroska. College of Veaicine Library, 427d and Dewey Avenue. Qmcha S,
Mebraska

1 Universit ¢->l North Taroling, Division of Health Affairs Library, North Carolima,
Meacrial Hospital., (hapel 1)1, North Carolina

1 University of North Coroaliva, Departrent of Meaicine, Physiology and Fovironmental
Yedicine, Chapel Hill, North Caroline.” Atta: Dr. Ricnard L. Dotsam

1 University of North (Srolina, Depart==nt of Physiology. Schoo) of Medicime. Chapel Hill,
North Carolina, At:n: A. T. Viller, Jr. .

1 University of Oklahora Yedical Center Litsary, 801 N. E. 13th Street, Oklahoma City 4,
Nk lahoma

1 University of (regon, ¥edical School Library. Portland 1. Oregon, Atta: Likrarias

I University of Pittsturch, Folk Litrary, of The Health Professions. Fittsburgh. Pa

1 University of Pittsturgh, Groduate School of Putlic Herlth, Fittsturgh 13, Pennsylvanis
)

University of Rochester, Atosic Enetgy Project, Technical Popsrt Contiel Unit, P.O. Box
287, Station 3, Rocrester 20, New York

] Universily of Rochester, School of [entistry, 268 Crittendens Bouleward, Eocheun‘ New
York, Attn: Jares A. Deweese .

1 University of Rochester. Strowy Vesorial Hospital, 260 Crittencen Poulevara, Rochester,
New York Attn: Dr. Yersan L. Pearse, Prof. of Surgery

3 Universaty of Southera Californie, Schocl of Wedicine Library, 2025 Zomal Avenue, loe
Angeles 23, Califorria, Attn: {r, Vilea Proctor ‘

1 University of South [ruota, Mfical Litrary. Vesriillou, South Dakote

1 Univessity of Teinescee, Collejo of Vedicine, Cianical Physrology, Institute of Clinical -
Investigation, 62 U uth tuniayp, Verphis 3, Tenmessee

1 Unu»uny of Tepncaser, Vedicul Units, Yooney Yerorial) library, 62 South Iunlap, Memphis
3 Tennesser, ‘Attn: Librasian

1 Muwiversity of Tennessee, Depurtrant of Bacteriolagy. rno:vxllo. Tennensee, Atta; Dy,
. Frank Holtman

1  University of Tcnncsu-- Dvpmgtront of Microbiolegy, 856 Madison Averue, Knoxville,
Termersoe , Attn: [r. May C. #o=uck

1 University of Texus, “eascal Ianch lubrary, Gilveston, Texas, Ac¢tn: Likrarias

1 University of Utah, Yedical Latrary, Salt lake City 12, Utah

1 Unsversity of Yirgania, Prycholcaical latoratory, Featody Hall, Chailotteswille, Virginie

1 Universaty of Verront, Callege of Yesicsne Litgary, Purlington, Versoat

1 University of Bushinjyien, halth feiences tutrary. Seattle $, ¥ashington, Atta: Lil rarian

1 University of Kiscontia, Yedicul School latrary, V1 Eldy, N. Charter St. Widiaon &, Wis

1 University of ¥iswonnin, Prycholojical Alstracte, 530 N. Park Street, Vudison ¢, Vis
ories

1 Pritish Mivy Staff Office, hP{ Vedical Livison Otlicer. Nenjamin Nranklin Station, Fost
Office Pox 165, Baskin;ten, Coo Attnz Fu P Fllis, Surgeon Cagtain, Neyal Novy
1 Y‘nn-h Ar=y Wotion) Livison Officer, British Ae-y Svaff, Bratanh Psbasay, Washimton d,
. C., Attn: Colerel Reisg
10 Cumydinn laaason Offacer, (Ulice of The .ua- r. l‘omnl U5 Arey, Roce 1NW, Mun Novy
. Puil-ting, Bashamten 78, D0, Mtee . troaseay
2 Ivferce Bene 1eh Verber, Canadian Joaet Staff, ',‘l'n) Winsachusetta Avenue NW .,
] Vichington 8, D, C.
1 Griran Valitory Attacte, Gegman Umreral Visretty of Ivfense, Tashimpton, D, C,
1 Instituto de Croncaon Dispoleqicsa, Av. Gral, Flores 1128, Venteviden, Ueugury, Atta:
Frofernop 1y, I, Renrate, birector | ;
1 Keroiinsha Inatatutet, fvjorteent of Histelogy, “ta atole 18, Facdrn, Attn: Dy, Jan
Sereall

1 laturatolre ge Pathelonie ot et yeutijo tonsgalon, W loulevard do Ja Conetitution,
laoye, Belqive, Alta  frofecsour /. ¥, ey
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Cké:rdAUninnity. Departseat of Husas Anatowy. South Parks Road, Oxford Engiond, Atta:

AR und

Office of The United Stotes Arsy Attuche, Americun Embossy. The Foreign Services ot The
United States of Arerica. London, England, Attn: Assistant Army Attache (Medicol)

Royal Society of Mxdicine Library. 1. ¥impole Street, londom ¥.1.., Enagland

Universita Di Pise, Institmte of Physiology, Pisa, Italy., Aicts: Professor Giuseppe
Moruzzi,

University nf Western Owtario, Nepurtwent of Biophysics, Medical School. South Street,
Londen, Qutorio. Comuas, Atta: Dr. Allen C.ogxno‘n

University of Kestern Ontario. Mediowl Sci.col, Depurtwent of Physiology. loadoa, Ontarie,
Cancda, Attn: Frofessor J. A. F. Stevenson .
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